INTRODUCTION
To balance flexible rotors, two basic techniques are currently used: modal balancing and balancing with influence coefficients (Goodman, 1964; Kellenberger, 1987) . These methods have been improved in practice and numerous combinations and variations of these two basic techniques have been developed. The disadvantage of balancing rotors in this way, is the limited angular speed range, for which the rotor is finally balanced.
The proposed method allows basically the identification of the unbalance distribution on the complete rotor. For that purpose the unbalance vibration l U (fR) must be measured at constant angular speeds fR. The measurement planes may be at any location on the rotor, for example at the balancing planes or other well accessible locations. Therefore the length of the vector I U (R) is limited by the number of measurement planes. To describe the motion of the rotor, it is necessary to measure the displacement on one measurement plane in two directions, preferably 90 apart. Herewith the length of the vector l U (fR) amounts to the number of measurement points nM.
An experimental modal analysis of the rotating machines at the same angular speed fR follows. 
Finally, it may be possible to identify the origin of the unbalance forces in opposite to the common balancing methods. The knowledge of the unbalance distribution of the rotor enables:
balancing for arbitrary speed ranges (depending on the numbers of balancing planes); on-line monitoring of the unbalance state.
DISCRETIZATION AND MODAL DESCRIPTION OF ROTATING MACHINES
A common procedure to get a linear, discrete mechanical rotor-model is the finite-elementmethod (Kr/imer, 1984; Lee, 1993 
This vector describes the motion of the midpoint
We of a beam element e in the local non-rotating coordinates x, y, z; its dimension is (nF 1) (Fig. 1) .
The static and dynamic properties of the system are described be the system matrices M, D, G, K. 
where the time-independent amplitude vectors W and _F are defined in Eqs. (4) and (5).
UNBALANCE PARAMETERS
The unbalance U of the discretized rotor is a superposition of the unbalance of the beam elements B and the disc elements s. ( 1 1 The unbalance force vector is the product of the angular speed of the rotor and the unbalance vector Using Eqs. (8), (11), (13) and (14) allows an estimation of the possibility to identify the unbalance parameters gL using the amplitude of the unbalance One possibility to invert the singular FRFM presented in (Belz, 1997) , is based on the assumption for bimodal balancing (Kellenberger, 1987 Exciting the rotor at one location and measuring the answer at the constant speed nl for all measuring locations riM, the variation of the measurement points can be finished. Remembering the unsymmetry of the system matrices, the FRFM is unsymmetric, too. Thus, a variation of the exciter location is necessary to measure one row and one column of the FRFM.
For the parametric identification, the modal parameters are determined by a modified orthogonal polynomial (MOP) algorithm, described in detail by Ebersbach (1989) .
Using the determined modal parameters qR,L, and the measured unbalance response tU, the unbalance vector fJ can be calculated at the constant rotor speed fR by Eq. (20).
THEORETICAL AND EXPERIMENTAL RESULTS

The First Rotor Test Stand Generation
The first experiments were realized on a rotor test stand consisting of smaller discs and an old magnetic exciter (Kreuzinger-Janik, 1995). This old magnetic exciter was developed to excite plane structures. Therefore and by exciting the rotor shaft without a steel sheet package, only the first mode shape could be identified (Fig. 3) . For the same rotor in (Belz, 1997) results are presented for the unbalance parameter identification, by using simulated data.
The eddy current sensors do not work in the magnetic field, because the permeability of steel changes in dependence of the magnetic field.
SSH Simultaneous sample and hold. 
The Second Rotor Test Stand Generation
The second rotor test stand generation, described in Section 5, has been optimized in the disc constellation by using much larger discs, optimized laser sensors and a new developed magnetic exciter system especially for rotor excitation. The calculated CAMPBELL-diagram is shown in Fig. 4 . By using a step periodic sweep, a frequency response function (FRF) at the driving point at 700rpm could be measured (Fig. 5) Economic and environmental factors are creating ever greater pressures for the efficient generation, transmission and use of energy. Materials developments are crucial to progress in all these areas: to innovation in design; to extending lifetime and maintenance intervals; and to successful operation in more demanding environments. Drawing together the broad community with interests in these areas, Energy Materials addresses materials needs in future energy generation, transmission, utilisation, conservation and storage. The journal covers thermal generation and gas turbines; renewable power (wind, wave, tidal, hydro, solar and geothermal); fuel cells (low and high temperature); materials issues relevant to biomass and biotechnology; nuclear power generation (fission and fusion); hydrogen generation and storage in the context of the 'hydrogen economy'; and the transmission and storage of the energy produced. As well as publishing high-quality peer-reviewed research, Energy Materials promotes discussion of issues common to all sectors, through commissioned reviews and commentaries. The journal includes coverage of energy economics and policy, and broader social issues, since the political and legislative context influence research and investment decisions. 
